The sensitivity of farm inventory investment to movements in cash flow is tested. Inventories should be sensitive to shifts in cash tlow because inventory investment is readily reversible and inventories are a significant portion of assets. Investmentmodels estimated with Kansas farm panel data indicate that: (a) farms absorb internal finance shocks by adjusting inventories, (b) the inventory investment of livestock and high-debt farms are more sensitive to movements in cash flow thancrop and low-debt farms, and (c) inventory investment is more sensitive to cash flow during the 1981-86 bust and the 198'7-92 recovery than during the 1975-80 boom.
An important role of U.S. farms is the holding of storable crop and feeder livestock inventories. Farm producers store crops in order to take advantage of seasonal price increases and to meet on-farm feed needs. Feeder livestock inventories are held to attain physical maturity prior to slaughter and to take advantage of short-term price increases. Farm inventory levels play an important role in the determination of spot and futures prices, and thus in production decisions. In recognition of the important role played by farm inventories in the agricultural and food economy, an extensive farm inventory literature has developed (see, Bierlen is a researchassociate,Ahrendsenis an associate professor,andDixon is a professor,all in the Departmentof AgriculturalEconomics and Agribusiness at the Universityof Arkansas.Ahrendsenand Dixon are principalsof the Centerfor Farmand RuralBusiness Finance,a joint effort of the Departmentof Agriculturaland ConsumerEconomics at the University of IllinoisandtheDepartment of Agricultural Economics and Agribusinessat the Universityof Arkansas.
e.g., Gardner; Brennan; He] mberger and Weaver; Rucker, Burt, and LalFrance; Working; Wright and Williams) .
In spite of the usefulness of previous farm inventory studies in explaining inventory decision making, several stylized facts have been ignored concerning production agriculture and inventories. First, inventories bear a disproportionately large share of internal financial fluctuations due to low transaction and adjustment costs. Second, farms are thought to be prime credit constraint candidates. Third, a financial accelerator effect serves to accentuate farm cycles by increasing credit availability during boom periods and decreasing credit availability during bust periods.
The purpose of this study is to link these three stylized facts by examining whether internal funds, as measured by cash flow, are an important driver of farm inventcmy investment.
The study is based on the premise that when firms are credit constrained, their investment levels are sensitive to changes in cash flow. The presence of credit constraints is attributed to asymmetry of information between borrowers and lenders, and financial hierarchies in which internal funds have a cost advantage over debt or equity financing. In response to a sharp reduction in cash flow, financially constrained firms will reduce their accumulation of all assets, with the effect on each asset determined by transaction and adjustment costs. Since inventories have low transaction and adjustment costs, their decline as a result of a decrease in cash flow should be disproportionately large.
Typically, the credit constraint literature assumes that credit rationing is externally imposed by lenders and that management is risk neutral. Here, we recognize that because farmers hold a large equity stake in the operation, internal credit rationing may be present; i.e, farmers may not choose to borrow, even though external funds are available, due to risk aversion. However, lenders and borrowers are likely to use similar factors in determining credit rationing, so that external and internal credit rationing would be expected to be positively correlated.
The present study tests for linkages between farm inventories and cash flow by estimating inventory investment models augmented with a cash flow variable. The use of a rich farm-level panel data set allows for the comparison of cash flow effects across farms with heterogeneous financial characteristics and across the recent boom-bust farm cycle. This approach offers more compelling evidence of the inventory-cash flow relation than those based on macro-level time-series data, and also overcomes the problem that cash flow may be proxying for expectations about future investment opportunities.
Relevant Literature and Credit Constraint Issues
Previous research has focused on the sensitivity of capital investment to fluctuations in cash flow (see, e.g., Fazzari, Hubbard, and Petersen; Hoshi, Kashyap, and Scharfstein; Gilchrist and Himmelberg). With the use of cash flow augmented Q-theory investment models, these studies have shown that the investment of firms which are thought to be a priori credit constrained is more sensitive to fluctuations in cash flow than the investment of firms which are thought to be a priori noncredit constrained, and that investment is more sensitive to movements in cash flow in business downturns than upswings.
A recent segment of this literature has extended the internal finance literature to inventory investment. Carpenter, Fazzari, and Petersen observed that: (a) manufacturers' inventory disinvestment has accounted for more than half of the shortfall in output in postwar recessions, (b) financing constraints are important for a large portion of the economy, (c) cash flow is procyclical and tends to lead the cycle, and (d) inventories bear a disproportionate share of cash flow fluctuations due to low adjustment costs. With the aid of a cash flow augmented inventory investment model, they found that industrial firms absorb cash flow shocks through changes in inventory investment and that this effect is more important for small firms than for large firms. They further reported that cash flow's effect on inventory investment is not uniform across business cycles (from peak to peak).
Following a similar approach, Kashyap, Lament, and Stein found that the inventory investment of firms without access to public bond markets is sensitive to fluctuations in internal funds during recessions which are caused in part by tight monetary policies. 1 However, the relation between internal funds and inventory investment is shown to weaken during periods of loose monetary policy.
Small, closely held firms with poor access to public debt and equity markets should be among the most credit constrained, yet few good data sets are available to test the inventory-internal funds relation for this class of firms. This study extends the inventory-inter1Unlike most studies in the literature,Kashyap, Lament,and Steindo not measureinternalfunds with cash flow. Instead,they use a liquid asset measure which is the sum of cash on hand and marketablesecurities.
nal funds literature to examine the inventory investment of U.S. farms which are thought to be highly credit constrained. Farms are extremely capital intensive relative to their levels of sales and cash flow. Farm assets are undiversified and inflexible-being held almost exclusively in farm-specific capital, of which land is usually the major component. Typically, there is a substantial lag between the purchase of inputs and the sale of outputs. In spite of their large capital needs, sources of farm investment funds are limited to internal funds and external credit. Outside equity is typically not an option.
The U.S. farm economy is also susceptible to periodic and prolonged booms and busts. Earlier in the century, the 1900 to 1918 years of prosperity were followed by the prolonged farm depression of the 1920s and 1930s. Recently, the prosperous years of the 1970s were followed by the recessionary years of the early and middle 1980s. Explanations for farm c ycles include the effects of nonagricultural markets (i.e., primarily interest and exchange rates), supply and demand forces, and public food and agricultural policies (Rausser et al.) .
The financial accelerator notion indicates that farm financial markets amplify and propagate farm cycles. Contractionary shocks reduce net worth and collateral values, tightening the availability of credit. As credit conditions deteriorate, investment spending contracts, exacerbating and prolonging the downturn. The opposite is thought to occur in periods with strong commodity prices and rising asset values such as the 1970s and the current period. This supply-side failure may be even worse in agricultural credit markets because of information-intensive localized customer borrowing relationships rather than impersonal debt and equity markets, and regulatory restrictions on the ability of local banks to diversify risks (Calorniris, Hubbard, and Stock). In the recent 1980s downturn, over 300 agricultural banks failed (Kliesen and Gilbert) .
Investment Model and Procedures
The farm inventory investment model employs the flexible accelerator principle, but parameterizes the model with variables that are relevant to agriculture (see, e.g., Carpenter, Fazzari, and Petersen; Blinder and Maccini; Kuznets) . The function specification for inventory investment for farm j in period t can be expressed as:
(1) 1,, -1,,-1 = 8 (1} -Zj,-, (1) is composed of what Blinder and Maccini refer to as "anticipated" inventory investment (Z$ -J,-J and "unanticipated" inventory investment [(E,-~Y,, -Yj,) and
The anticipated inventory investment term assumes that the operator makes an inventory investment decision at the beginning of the year based on the gap between the target end-of-year and the actual beginning-ofyear inventories. The target end-of-year inventory can be thought of as the "desired" endof-year inventory level based on expected prices and production levels. The speed of adjustment is given by the parameter 8.2 The unanticipated investment terms recognize that 2The speed of adjustment is an indicator of how fast the operator can adjust inventories such that actual inventories are equal to the target stock of inventories.
A coefficient of one indicates one year, while a coefficient of 0.5 indicates two years.
during the course of the year the investment decision may need to be revised based on the deviation of anticipated from actual production and prices. Actual production may deviate from predicted production due to weather, diseases, and pests. When "production shocks" are widespread, prices will be affected.
The model for the target stock of inventories is represented by:
where a, is a fixed farm effect (to be estimated) that captures farm-specific effects on inventories which are thought to be slow to change, a, and az are coefficients to be estimated, and rzjĩs a random error term. For production agriculture, fixed effects may include the management skills and risk preferences of the farm operator, physical endowments of the operation, and available family labor (for further discussion, see Blinder; Carpenter, Fazzari, and Petersen). There are two opposing effects on producers' inventory decisions due to changes in prices. Increases in prices may cause producers to expect higher prices in the future, which leads them to increase inventories in order to take advantage of higher future prices. On the other hand, increases in prices may encourage producers to sell inventories immediately in order to profit from current high prices. Similarly, price decreases may induce producers to hold inventories in hopes of higher future prices or may lead producers to dispose of inventories because they fear that future prices will continue to fall.
Expected production and prices are forecasted with simple autoregressive models: where~J and y,J are fixed farm effects to be estimated; (3,, 13z,y,,, and y2, are coefficients to be estimated; and Wjtand Ztif are error terms. Substituting equations (2), (3), and (4) where J+ is the linear combination of fixed farm effects, p,, controls for time shocks, and Ujlis the linear combination of stochastic error terms.
Because of the panel nature of the data, there are most likely problems of heteroskedasticity. This is verified with the aid of Goldfeld-Quandt tests. To reduce heteroskedasticity, all variables are normalized by the beginning-of-period operating assets.3 Although normalizing significantly reduces heteroskedasticity, Goldfeld-Quandt tests indicate that it still remains a problem. To handle the remaining heteroskedasticity, the models are estimated with generalized method of moments (GMM) (Hansen and Singleton) . GMM is an instrumental variables procedure which is appropriate when the error variance relationship is unknown. (See the appendix for a list of instruments.) The variables are first difference following Holtz-Eakin, Newey, and Rosen to account for fixed farm effects, and annual time dummy variables are added to the model to account for fixed time effects.4 3Operating assets include owned assets plus leased land, In the current Kansas farm data set, the typical operator leases ss~o of total operating acres.
4First differencing is used to account for fixed farm effects rather than dummy variables due to a problem associated with the dummy variable approach. A straightforward explanation of the problem associated with dummy variables is given by Chamberlain (p. 1248) . The gist of the problem is that in the levels, a cross-section regression of y on x will give a biased estimate of~if the firm dummy coefficients are correlated with x, as would be expected. First-differencing y and x resolves this problem-as well as sweeping out the firm effects-if the change in x has sufficient variation.
In equation (5), not only is cash flow endogenous, but there is also an accounting identity by which cash flow and inventory investment are related. Cash flow typically is measured as cash sales less variable costs. Cash sales is equal to production less the change in inventories. If the change in inventories is somewhat small relative to production (as in the above cited studies with large industrial firms), then the effect on cash flow caused by a change in inventory is not a concern. However, when the change in inventories is typically large relative to production (as would be expected for farms), then cash flow and inventory investment are likely to be negatively related, contrary to the credit constraint hypothesis. Since financing for farm production typically is arranged in advance of actual production, it is the cash flow in the prior year that affects planned inventory fluctuation in the present year.
As a result of equation (4) being substituted into equation (1) twice, once current and once lagged, a moving average component is added to the error term. This implies generalized least squares would be the efficient estimator, although least squares is still consistent. We ignore the problems induced by the moving average process on the assumption that heteroskedasticity and the accounting identity are the more important problems, and that given the panel nature of the data, and the other hypothesized sources of random error (nj, and Wj,), the bias induced by the moving average component of the z,, is minor and can be ignored.
Data
The data consist of 417 farms which were continuously enrolled in the Kansas Farm Management Association (KFMA) program over the 1973-92 period (Langemeier) . The KFMA takes the following steps to ensure that the data are complete and accurate: (a) operators record events as they occur, and not retrospectively; (b) standardized forms and accounting procedures are used; and (c) the process is supervised and reviewed by KFMA staff.
Classified according to dominant enter- Unlike large, publicly held firms which are listed on stock exchanges and have bond ratings, there are no readily available criteria to place farms into a priori more and less creditconstrained splits. Here, farms are split according to asset size, debt-to-asset ratios, livestock-to-total inventory ratios, and operator age.5 Small farms are thought to have less access to debt financing than large farms, presumably because they lack the necessary collateral to back up their borrowing and lack sufficient cash flow to service additional debt, The inventories of farms with relatively high debt should be more sensitive to cash flow because external lenders may be more reluctant to lend to them due to low collateral levels and higher risk. Similarly, the inventory investment of livestock farms should be more sensitive to cash flow because they are more dependent on short-term borrowing, and disinvestment in production inputs (feed and feeder livestock) are more reversible than disinvestment in crop inputs (primarily land and machinery). Older operators should be less credit constrained than younger operators because they have longer standing relations with their lenders, greater equity accumulations, and generally better financial variables.
Two regression models-one representing the upper one-third of farms and the other representing the lower one-third of farms-are estimated for each of the four credit-constraining criteria (see the appendix for details). The middle one-third of the farms are omitted in an attempt to obtain greater differences among sample splits. Equal sample sizes are used in order to avoid any potential test bias associated with sample size. Splits are based on presample farm means for 1973 and 1974. The models then are estimated using 1976-92 data. Separate models also are estimated for the 1976-80 "boom period," the 198 1-86 "bust 5The credit scoring literature indicates that farm size, liquidity, profitability, leverage, and available collateral are factors which affect borrower quality (Turvey; Splett et al.; Miller and LaDue). The asset size, debt-to-asset ratio, and operator age splits follow Bierlen and Featherstone. Og period, " and the 1987-92 "recovery period." It is expected a priori that inventory investment will be the least sensitive to fluctuations in cash flow during the boom period and the most sensitive during the bust period.
Variable means by sample splits are reported in table 1. The full sample mean farm had nearly $850,000 in owned assets and over $1.5 million in operating assets. The mean farm operated 945 crop acres and 602 pasture acres. The mean ending inventory was $151,000, or about 18% of owned assets and just under 10% of operating assets. Feeder livestock represented about 37% of total inventories. Mean cash flow was $88,000 and sales $295,000, representing 10.3 % and 34.8% of owned assets, respectively. The mean operator was 53 years old. The average farm had a debt-to-asset ratio of 0.296. There are significant differences among means by sample split criteria.
The mean large-asset farm had nearly three times the owned assets of the mean small-asset farm, $1.36 million versus $459,000. In operating assets, however, this relation was about two to one-$2. 19 million versus $1.08 million. The mean low-debt and high-debt farms had similar owned assets, operating assets, and operating acres. However, mean debt-to-asset ratios diverged sharply. The mean low-debt farm had a debt-to-asset ratio of 0.133, while that of the mean high-debt farm was 0.492. The mean crop farm held only 13% of its inventories in livestock, compared to 60% for the mean livestock farm. This is reflected in their portfolio of operating acres. The mean crop farm had 1,150 crop and 233 pasture acres, while the mean livestock farm had 716 crop and 998 pasture acres. The mean young operator was 45 years of age compared to 60 years of age for the mean old operator. Both owned and operating assets, and cash flows were similar between the two age groups. However, the mean young operator had a substantially higher debt-to-asset ratio than the mean old operator, 0.379 versus 0.203.
Regression Results
All model coefficients are reported in table 2 (except the coefficients on the annual dummy variables) for the asset size splits. As expected, and consistent with other studies, the coefficients on lagged inventory investment are always negative, highly statistically significant, and robust across sample splits. The magnitudes of the coefficients indicate that adjustment speeds range from 87% to 108% per year. Adjustment speeds in excess of 100% indicate overadjustment, which is likely to occur when economies of scale are present. It is generally recognized that economies of scale exist for livestock feeding and for crop production and storage.G The time t production coefficients are positive and highly significant for all models, indicating a strong positive relation between current production and inventory investment levels.
The nine price variables are of mixed signs and generally not statistically significant. This is not surprising given that the cross-section component (139 farms) is much larger than the time-series component (five or six years) for each split. A positive sign on period t price of wheat suggests that high prices cause producers to store more newly harvested wheat, while a negative sign indicates that high prices cause" producers to increase harvest-time sales. Since crops typically are not stored across marketing years (harvest to harvest), the price in year t should not affect the beginning-ofyear crop inventory; i.e., we would expect producers to dispose of their old crops despite price levels. A positive coefficient for period t -1 price of wheat indicates that (a) a high price in period t -1 led the producer to cultivate more wheat in period t, and thus increase period t inventories, and/or (b) a high price in period t -1 led the producer to increase harvest-time sales in period t -1,and thus beginning of period t inventories were lower than normal. A negative coefficient for period t -1 price of wheat indicates that a high price in period t -1 led the producer to increase storage in period t -1, and thus be6Steigum notes that many adjustment costs (transaction, search, and information) are in fact concave. Interestingly, he argues that previous studies have found adjustment costs to be convex because they fail to account for the movements in internal funds-the primary impediment to adjusting inventories. ginning of period t inventories were higher than normal. A positive coefficient for period t -2 price of wheat could be attributed largely to a continued "production or supply effect. " A negative coefficient on the period t -2 price is more difficult to explain. It may merely be an indication of a complex lag structure, Except that cattle feeding inventories can be held for multiple years before sale, a similar interpretation can be placed on the signs of the slaughter cattle and hog price coefficients.
In this study, the main focus of interest is the cash flow coefficients. With the exception of boom period large-asset farms, all cash flow coefficients in table 2 are positive and statistically significant-indicating that inventory investment generally responds to movements in cash flow regardless of farm size or general farm conditions. As expected, the small-asset cash flow coefficient is consistently larger than the large-asset coefficient. Similarly, the magnitudes of the coefficients indicate that inventory investment is most sensitive to fluctuations in cash flow in the bust period, followed by the recovery and boom periods.7 That the recovery cash flow coefficients are similar in magnitude to the bust coefficients is not surprising. The farm crisis period ushered in a more conservative management and lending regime which extended into the 1990s. Many farms also reacted slowly to the farm crisis due to false hopes for a quick recovery-postponing the decision to sell assets, reduce debt, and lower risk. This aggravated the situation and delayed recovery. (For further discussion, 7A potential explanation of the asset size results is that small farms earn relatively more off-farm income and thus have less need for borrowing, This explarsation does not appear valid here for several reasons, First, both the small and large farms are clearly of commercial size, and off-farm income is relatively unimportant for both. Over the study period, mean annual off-farm income (including wages, rent and royalties, and dividend and interest income) in 1992 dollars was $10,O28 and $15,225 for small and large farms, respectively. Second, small farms had higher debt-to-asset ratios than large farms. Small farms had a mean debt-to-asset ratio of 0.348 and an equity stake in their total operating assets of only 34.4%. Large farms had a mean debt-to-asset ratio of 0.272 and an equity stake in their total operating assets of 50.39io, (table 3) , however, fail to support the idea that large farms are less dependent on internal funds as a source of inventory investment funds than small farms, or that inventory investment becomes more sensitive to internal funds during periods of farm business downturns than upturns. This result may be an indication that (a) asset size is not a factor in determining credit constraints, (b) the difference in asset size between the two splits is not sufficient enough to indicate a difference, and/or (c) the investment behavior of farms with "average" financial variables, regardless of size, is not significantly affected by boom-bust cycles.
Excluding the boom period high-debt farms, all cash flow coefficients for the debtto-asset ratio splits are positive and statistically significant (table 4) omy, high debt-to-asset ratio farms are not credit constrained.
As shown in table 4 , results indicate that farm type is an important factor in explaining the sensitivity of inventory investment to movements in cash flow. Among the crop farm coefficients, only the recovery cash flow coefficient is positive and statistically significant (although weakly so). The livestock cash flow coefficient is positive and statistically significant during the bust and recovery periods. While there is no statistical difference between the two boom period cash flow coefficients, the livestock farm coefficients are significantly larger than their crop farm counterparts during the bust and recovery periods. The bust and recovery livestock coefficients are significantly larger than the boom coefficient, but there is no statistical difference between the bust and recovery livestock coefficients. There is no statistical difference among the three crop farm coefficients. These findings support the notion that the inventories of farms with enterprises in which fixed assets are important are less sensitive to movements in internal funds than the inventory investment of farms with the opposite characteristics. However, during boom periods, the investment of neither crop nor livestock farms appeared to be sensitive to movements in cash flow.
There is no consistent relationship between the old and young operator cash flow coefficients. There is no statistical difference between the two coefficients during the boom period, and the old operator coefficient is statistically larger than the young operator coefficient in the bust period, while the opposite result occurs in the recovery period. Not unexpectedly, there is no statistical difference among the three old operator coefficients. Surprisingly, both the boom and recovery young operator coefficients are statistically larger than the bust coefficient, but there is no statistical difference between them. Based on these results, it is difficult to draw conclusions about the inventory investment-cash flow relation based on operator age.
The operator age results may be due to the distribution of the farm operator population in the data set and intergenerational farms. The age of operators tends to be skewed to age 35 and older. Here, to be included in the young operator split, farmers had to be less than 40.5 years old based on the 1973-74 mean. In reality, the young farmers were older than this during the sample period and not well distrib-uted-being skewed to the right. In addition, farms tend to be intergenerational. It is likely that young farmers worked with their parents (and even grandparents) before becoming the principal operator, and parents (and even grandparents) may continue to actively participate in the business even after the child (or even grandchild) becomes the principal operator. Consequently, it is likely that much of the reputation enjoyed by the child (or grandchild) may be based on the reputation of the parents (and even grandparents) and that of the farm as an ongoing concern.
Summary and Conclusions
Study results show that: (a) farms absorb shocks to internal finance by adjusting inventories, (b) the inventory investment of highdebt farms and livestock farms is more sensitive to fluctuations in cash flow than the inventory investment of low-debt farms and crop farms, and (c) inventory investment was more sensitive to cash flow during the 198 l-86 bust and the 1987-92 recovery periods than during the 1976-80 boom period. There is weak support that farm size and the age of the principal operator play a role in the determination of credit constraints. The finding that the inventory investment of livestock farms is more sensitive to cash flow (an indicator of credit constraints) than the inventory investment of crop farms is consistent with the trend toward larger externally funded feeder livestock operations. While crop farms have lower feeder livestock inventories than livestock farms, they are in a better position to provide self-produced feed and forage and to finance their feeder livestock enterprises with cash flow generated from crop enterprises. This suggests that while there are financial incentives for large, externally funded feeder livestock operations, smaller feeder cattle (especially) and hog production enterprises likely will persist on crop farms.
The results by farm business periods are consistent with the financial accelerator concept. However, because the current study uses farm-level data from only one state, we are unable to comment on the effects of the financial accelerator on aggregate U.S. farm inventories, A direction for future study is to use U.S. aggregate or a panel of state aggregate data with a longer time series in an effort to quantify the effect of the financial accelerator on U.S. farm inventories. This approach also could be used to explore the importance of the financial accelerator-if any-on cattle and hog cycles.
Appendix:
Variable Definitions, GMM Instruments, and Sample Splits Value of Land. Each farm reports the number of operating acres of irrigated cropland, nonirrigated cropland, and pasture. The Kansas Board of Agriculture reports annual per acre land values for irrigated cropland, nonirrigated cropland, and pasture land for nine statistical districts (Schlender) . Land values are estimated by multiplying reported acreage by the district price and summing across land types.
Owned Assets. The sum of end-of-year inventories, owned land, stock of motor vehicles and machinery, breeding livestock, nonresidential buildings, and cash on hand. The depreciable capital stock is built up using the perpetual inventory method (see Bierlen and Featherstone) .
Operating Assets. The sum of owned assets and leased land. The farm data set reports owned acres, leased acres, and total operating acres by land type. This enables the value of owned and leased land to be estimated. Each land type, regardless of ownership, is given the same per acre valuation within a statistical reporting district.
GMM Instruments. These include all explanatory
variables; once and twice lagged values of land and cash sales; and current, once lagged, and twice lagged prices of soybeans and sorghum. All instruments are normalized by the beginning-of-period operating assets.
Sample Splits. Small-asset 
